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INTEGRATED CIRCUIT 

BACKGROUND 

As integrated circuits (ICs) become more complex, the 
number of components on the ICs increases. This increase in 
the number of components requires that post production 
testing needs to be more extensive to test the greater number 
of components on the ICs. Portions of the post production 
tests are used to test gates and other components in the IC. 
One method of testing includes a first test that tests the 
components and a second test that tests user specific items 
on the IC. The user specific items may be programming or 
logic on the IC. 
The ICs are fabricated with a portion of their area dedi 

cated to post production testing. This portion of an IC is 
often referred to as “designed for test” logic or DFT logic. 
The DFT logic is initiated after production and executes 
instructions to perform tests on components in the IC and 
output results of the tests. The DFT logic may consume 
10-20% of the area of an IC and is only used for post 
production testing purposes. 

SUMMARY 

Integrated circuits and methods for testing integrated 
circuits are disclosed herein. An embodiment of an inte 
grated circuit includes a microprocessor and memory that is 
accessible by the microprocessor. The integrated circuit also 
includes reconfigurable logic, wherein a first test program 
for testing at least one of the microprocessor and memory is 
loadable onto the reconfigurable logic. At least one other 
program is loadable into the reconfigurable logic after the 
first test program runs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is block diagram of an embodiment of an inte 
grated circuit. 

FIG. 2 is a flowchart describing an embodiment of a test 
procedure conducted on the IC of FIG. 1. 

FIG. 3 is a flowchart describing an embodiment of a test 
procedure conducted on the IC of FIG. 2 wherein a second 
test program is loaded into the reconfigurable logic. 

FIG. 4 is a flow chart describing an embodiment for 
testing an IC. 

DETAILED DESCRIPTION 

Integrated circuits (ICs) and methods of testing ICs are 
disclosed herein. The ICs have logic that performs tests on 
components in the ICs after production. This logic is some 
times referred to as “designed for test” logic or DFT logic. 
The DFT logic in conventional ICs is hardwired logic that 
consumes a portion of the area of an IC. Hardwired logic is 
logic that is fabricated into the IC and cannot be changed 
after fabrication. The ICs disclosed herein use reconfigu 
rable logic as the DFT logic. Reconfigurable logic is some 
times referred to as reconfigurable computing, adaptive 
logic, and adaptive computing. Reconfigurable logic 
includes logic that can be rewired dynamically. Some 
embodiments of reconfigurable logic include logic circuits 
that are equipped with arrays of memory cells that can be 
programmed to perform hardware functions using software 
tools. In some embodiments, the reconfigurable logic is able 
to run programs based on the logic configuration. In some 
embodiments, the reconfigurable logic is used for other 
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2 
purposes after the testing is complete. The other purposes 
include debugging the IC, running customized code, repair 
ing memory, and adding new functionality to the IC. 

Conventional. IC designers are reluctant to use reconfigu 
rable logic on ICs because the reconfigurable logic is not 
very dense and uses a lot of the area of an IC. Therefore, it 
takes a relatively large amount of area of the IC to contain 
a relatively small number of gates and other elements used 
by reconfigurable logic. As described below, the reconfigu 
rable logic on the ICs described herein is used for many 
purposes, so the area used by the reconfigurable logic is very 
dynamic and serves many purposes of the IC. 
A block diagram of an embodiment of an IC 100 is shown 

in FIG. 1. The IC 100 includes a microprocessor 102, 
memory 104, and reconfigurable logic 106. The IC 100 does 
not include hardwired DFT logic because the DFT logic is 
programmed into the reconfigurable logic 106. In some 
embodiments, the DFT logic is a program that is able to be 
loaded into the reconfigurable logic 106. As described 
above, conventional ICs typically have a portion of their 
area dedicated to hardwired DFT logic. The microprocessor 
102 is a conventional microprocessor. Likewise, the memory 
104 may be conventional memory used by conventional ICs. 
The microprocessor 102, the memory 104, and the recon 
figurable logic 106 all may communicate with each other by 
way of conventional data transmission techniques and 
devices (not shown). 
The reconfigurable logic 106 is sometimes referred to as 

reconfigurable computing. The density of the reconfigurable 
logic 106 is not as high as conventional logic circuits or 
application specific integrated circuits. However, the recon 
figurable logic 106 is able to be changed by “loading a new 
logic circuit. Loading a new circuit is sometimes referred to 
as loading a new circuit onto the fabric of the reconfigurable 
logic 106. 
The logic circuit that is loaded into the reconfigurable 

logic 106 is able to run code. In some embodiments, the code 
runs tests on the memory 104 and/or the processor 102. The 
tests are run after production of the IC 100 and serve as 
initial tests. In conventional ICs, the code for these tests is 
stored in the DFT logic portion of the conventional IC. One 
of the problems with the conventional DFT logic is that it is 
only used to test the conventional IC after production. The 
area of the conventional IC used for DFT logic is never used 
again. Therefore, conventional ICs include a fabricated area 
that serves a one-time purpose. 
The reconfigurable logic 106 on the IC 100 of FIG. 1 

performs the functions of conventional DFT logic in addi 
tion to many other functions. For example, after production 
of the IC 100, test code is loaded into the reconfigurable 
logic 106. More specifically, the reconfigurable logic 106 is 
configured to run test code, which is sometimes referred to 
as the first test code. In some embodiments, the code that is 
used to configure the reconfigurable logic to run the first test 
is input to the IC 100 from an external source. In other 
embodiments, the code to configure the reconfigurable logic 
106 is stored in the IC 100. For example, the code may be 
input or fabricated into the IC 100 or the reconfigurable logic 
106 during fabrication. In some embodiments, the code used 
to configure the reconfigurable logic 106 is stored in read 
only memory (ROM) that is located on the IC 100 or 
connectable to the IC 100. 

After or as the first test is executed, data from the first test 
is output or otherwise made available for analysis. In some 
embodiments, the test results are analyzed by components in 
the IC 100 or by different code loaded onto the reconfigu 
rable logic 106 that runs a second test. The first test may 
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indicate that some components on the IC 100 are not 
functioning correctly. These components may be further 
analyzed by way of the second test or debug program that 
run on the reconfigurable logic 106. 
An example of the steps to test the IC 100 are shown in 

the flowchart 200 of FIG. 2 and described as follows. The 
processes commences with loading the first test program 
into the reconfigurable logic 106 as shown in block 202. The 
first test program is code that configures the reconfigurable 
logic 106 to run the first test program. As described above, 
the first test program may be loaded from an external Source 
or it may be stored on the IC. The first test program may also 
be initially fabricated into the reconfigurable logic 106 at the 
time that the IC 100 is fabricated. 

In step 204, the first test program is run on the reconfigu 
rable logic 106. An external instruction or an instruction 
from the microprocessor 102 can cause the first test program 
to start to execute. The first test program can test a multitude 
of different functions and components on the IC 100. For 
example, the first test program may test the speed of 
components, such as the microprocessor 102 and the 
memory 104. The first test program may also test analog 
values, such as the gain of amplifiers and the like. The first 
test program may also test the memory 104 to determine 
which bits are not working correctly and other portions of 
the memory 104 that are not working correctly. In some 
embodiments, the results of the first test are stored on the IC 
100, such as in the memory 102. In other embodiments, the 
results of the first test are sent from the IC 100 to an external 
device (not shown). Such as a test fixture. 

At block 206, the results from the first test program are 
analyzed. The analysis of the results may be done at different 
locations and by different devices. In some embodiments, an 
external test device receives and analyzes the data. In other 
embodiments, the first test program analyzes the results. In 
these embodiments, the analysis is typically output from the 
IC 100 so that appropriate action can be taken on the IC 100. 
For example, the IC 100 may be determined to be a rejected 
device and may be discarded. In other embodiments 
described below, the IC 100 may be debugged and repaired. 

In many embodiments, the reconfigurable logic 106 is no 
longer required for testing purposes. Therefore, in some 
embodiments, other programs are loaded into the reconfigu 
rable logic 106 so that the area of the IC 100 used for the 
reconfigurable logic 106 is utilized. 
The embodiments described above are some basic 

embodiments of the IC 100 using the reconfigurable logic 
106. Other more complex embodiments will now be 
described. Reference is made to a flowchart 250 of FIG. 3 
that shows some embodiments where a second test program 
is loaded into the reconfigurable logic 106. The flowchart 
250 has the same blocks 202-206 as the flowchart 200 of 
FIG. 2. The flowchart 250 has a block 252 wherein the 
second test program is loaded into the reconfigurable 
memory 106. 

In some embodiments, the second test program is loaded 
into the reconfigurable logic 106 in response to the analysis 
of the results of the first test program. In such embodiments, 
the second test program functions as a debug program. 
Depending on the results of the first test program, the second 
test program can repair memory bits, trim analog values, and 
swap pins on the IC 100. For example, if the first test 
program determined that some memory bits are not func 
tioning, the second test program can cause the memory to 
use other memory bits instead of the defective bits. The 
second test program can set resistive and other values for 
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4 
Such items as amplifier gains. If some pins are not function 
ing correctly, the second test program can cause their 
connections to be rerouted. 

In some embodiments, the second test program is selected 
in response to the results of the first test program. For 
example, there may be several second test programs avail 
able or a single second test program with many modules. 
Thus, if memory bits are bad, a second test program that 
repairs the memory bits is loaded into the reconfigurable 
logic 106. Alternatively, the module of the second test 
program that repairs the memory bits is run. 

After the second test program is run, another program is 
loaded into the reconfigurable logic as shown in block 254. 
The other program may perform a plurality of different 
functions and may come from different sources. For 
example, the other program may be loaded from an external 
Source or be loaded from ROM located on the IC 100. 
Many different programs may be loaded into the recon 

figurable logic 106 or a single program with a plurality of 
different modules may be loaded. The different types of 
programs include programs for customizing the IC 100 to 
specific functions. For example, if the IC 100 is used in a 
camera, the program may cause the microprocessor to 
perform specific functions related to the model of camera in 
which the IC 100 is used. The reconfigurable logic may also 
be used to update existing programs with new features. 

In some embodiments, the reconfigurable logic 106 can 
be switched at boot or dynamically while the microprocessor 
102 is operating. An example of an IC 100 switching the 
reconfigurable logic 106 is an embodiment wherein the IC 
100 is used in a device that plays music and takes pictures. 
When the device is being used to listen to music, the 
reconfigurable logic 106 is loaded with an audio decoder. 
When the device is used to take pictures, the reconfigurable 
logic 106 is loaded with an image compressor. The use of the 
reconfigurable logic 106 enables the device to have both the 
audio decoding engine and the compression engine on the 
chip, but without having both running simultaneously. 
A method for testing a circuit is shown by the flowchart 

300 of FIG. 4. The method begins at step 302 with loading 
a first test program into reconfigurable logic located on the 
integrated circuit. The method continues at step 304 with 
running the first test program, wherein the first test program 
tests at least one of a microprocessor and memory located on 
the integrated circuit. 

While illustrative and presently preferred embodiments of 
integrated circuits have been described in detail herein, it is 
to be understood that the inventive concepts may be other 
wise variously embodied and employed and that the 
appended claims are intended to be construed to include 
Such variations except insofar as limited by the prior art. 

What is claimed is: 
1. An integrated circuit comprising: 
a microprocessor, 
memory that is accessible by the microprocessor, and 
reconfigurable logic, wherein the reconfigurable logic is 

operable to be reconfigured by loading a new logic 
circuit onto a fabric of the reconfigurable logic, wherein 
the reconfigurable logic is operable to be reconfigured 
by a first test program for testing at least one of the 
microprocessor and memory, and wherein the recon 
figurable logic is operable to be reconfigured by at least 
one other program after the first test program runs. 

2. The integrated circuit of claim 1, wherein the first test 
program is stored on the integrated circuit by dynamically 
rewiring the reconfigurable logic. 
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3. The integrated circuit of claim 1, wherein the first test 
program tests components in the microprocessor. 

4. The integrated circuit of claim 1, wherein the first test 
program tests components in the memory. 

5. The integrated circuit of claim 1, wherein the first test 
program configures the reconfigurable logic to generate 
results of the testing and analyze the results. 

6. The integrated circuit of claim 1, wherein a second test 
program for testing the integrated circuit is loadable into the 
reconfigurable logic in response to testing by the first test 
program. 

7. The integrated circuit of claim 6, wherein the second 
test program is storable on the integrated circuit. 

8. The integrated circuit of claim 1, wherein the first test 
program finds errors and wherein a second test program is 
loaded into the reconfigurable logic in response to the errors, 
and wherein the second test program repairs at least one of 
the errors. 

9. The integrated circuit of claim 1, wherein the first test 
program finds at least one component that needs to be 
adjusted and wherein a second test program is loaded into 
the reconfigurable logic in response to the adjustment need, 
and wherein the second test program adjusts the at least one 
component. 

10. The integrated circuit of claim 1, wherein a program 
that operates in conjunction with the microprocessor is 
loaded into the reconfigurable logic by dynamically rewiring 
the reconfigurable logic after the first test program has run. 

11. A method of testing an integrated circuit, the method 
comprising: 

loading a first test program into reconfigurable logic 
located on the integrated circuit, wherein the recon 
figurable logic is operable to be reconfigured by load 
ing a new logic circuit onto a fabric of the reconfigu 
rable logic, wherein the loading of the new logic circuit 
includes dynamically rewiring logic circuitry of the 
fabric of the reconfigurable logic, and wherein the 
reconfigurable logic is operable to be reconfigured by 
loading the first test program and a second test pro 
gram; and 

running the first test program, wherein the first test 
program tests at least one of a microprocessor and 
memory located on the integrated circuit. 

12. The method of claim 11, wherein the integrated circuit 
includes memory and wherein running the first test program 
includes performing at least one test on the memory. 
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13. The method of claim 11, further comprising storing 

the first test program on the integrated circuit. 
14. The method of claim 11 and further comprising: 
analyzing results generated by the first test program: 

loading the second test program into the reconfigurable 
logic in response to the analysis of results of the first 
test program; and running the second test program. 

15. The method of claim 14, wherein the second test 
program repairs at least one component found to be faulty by 
analysis of the results of the first test program. 

16. The method of claim 14, wherein the first test program 
measures a value of at least one component on the integrated 
circuit and wherein the second test program adjusts the value 
of the at least one component. 

17. The method of claim 11, wherein the first test program 
configures the reconfigurable logic to repair at least one 
component found to be faulty by the first test program. 

18. The method of claim 11, wherein the first test program 
configures the reconfigurable logic to measure a value of at 
least one component on the integrated circuit and to adjust 
the value of the at least one component. 

19. The integrated circuit of claim 11 further comprising 
running a program that operates in conjunction with the 
microprocessor on the reconfigurable logic after the first test 
program has run. 

20. A method of testing an integrated circuit, the method 
comprising: 

loading a first test program into reconfigurable logic 
located on the integrated circuit, wherein the recon 
figurable logic is reconfigured by loading a new logic 
circuit onto a fabric of the reconfigurable logic and 
dynamically rewiring the reconfigurable logic, and 
wherein the reconfigurable logic is reconfigured by 
loading the first test program; 

running the first test program, wherein the first test 
program tests at least one of a microprocessor and 
memory located on the integrated circuit; 

loading a second test program into the reconfigurable 
logic in response to the first test program, wherein the 
reconfigurable logic is reconfigured by loading a new 
circuit for the second test program onto the fabric of the 
reconfigurable logic; and 

running the second test program, wherein the second test 
program fixes at least one component identified by the 
first test program. 


